Functional interaction between nitric oxide-induced iron homeostasis and heme oxygenase-1 in immortalized and malignant oral keratinocytes.
Heme oxygenase-1 (HO-1) is involved in a variety of regulatory and protective cellular mechanisms as a stress-responsive protein. Whether HO-1 plays a protective role against NO-induced cytotoxicity in oral cancer cells has not yet been established. We used sodium nitroprusside (SNP) as a source of exogenous NO in studies of NO-induced cytotoxicity in immortalized (IHOK) and malignant oral keratinocytes (HN12). The roles of the caspase pathway, of regulatory proteins of iron metabolism (iron regulatory protein (IRP)1, IRP2, transferrin receptor (TfR), and ferritin), and of HO-1 in protection against NO-induced cytotoxicity were assessed. The SNP-induced growth inhibition and apoptosis of IHOK and HN12 cells was reduced by addition of ferric citrate (FC). At low concentrations (< 1 mM), SNP up-regulated cellular iron metabolism by increasing expression of IRP1, IRP2, and TfR, whereas at high concentrations (> 2 mM), SNP down-regulated expression of these proteins. A consistent correlation between decreased levels of IRP1, IRP2, and TfR and increased NO-induced cytotoxicity and apoptosis was observed. Addition of FC inhibited the NO-induced decrease in IRP1, IRP2, and TfR levels. Moreover, SNP increased the expression of HO-1 and ferritin in IHOK and HN12 cells in a concentration-dependent manner. NO-induced cytotoxicity was also inhibited by hemin (an HO-1 agonist) and was enhanced by zinc protoporphyrin IX (an HO-1 inhibitor). Based on these results, we conclude that HO-1 plays a major role in mediating cytoprotection and iron homeostasis against NO toxicity in immortalized and malignant oral keratinocytes.